Introduction: The tooth root surfaces are modified by different agents for better removal of the smear layer, the formation of fibrin clots, and the attachment of blood cells. This in vitro study compared the removal of the smear layer, the formation of fibrin clots and the attachment of blood cells after exposing periodontally compromised root surfaces to ER:YAG and CO 2 laser beams. Methods: Eighteen dentin block samples were prepared from freshly extracted periodontally compromised teeth that were deemed hopeless, and they were divided into 3 groups: exposed to Er:YAG laser beams, exposed to CO 2 laser beams, and the control group. The samples were evaluated using scanning electron microscopy and micrographs were taken. Smear layer removal and blood cell attachment were scored. Data were analyzed using Kruskal-Wallis and Mann-Whitney tests. Results: In the Er:YAG laser group, the smear layer was removed completely. In the specimens exposed to blood, better fibrin clot formation and blood cell attachment were observed in the Er:YAG laser group. In the CO 2 laser group, the smear layer was also removed; however, there were no significant differences between the CO 2 laser and control groups in fibrin clot formation and blood cell attachment. Conclusion: The application of the Er:YAG laser to the root dentin appears to result in the formation of a suitable surface for fibrin clot formation and blood cell attachment. Further clinical studies are necessary to support these results.
Introduction
Gingival recession is defined as the apical displacement of the gingival margin from the cementoenamel junction (CEJ), exposing the root surface to the oral environment, which causes esthetic problems and tooth hypersensitivity. 1 It is a challenge for periodontal therapy to cover denuded root surfaces; therefore, various techniques have been developed for root coverage. Studies have shown gingival recession results in diseased cementum and smear layers (in the denuded root surface), preventing cell attachment and causing inappropriate periodontal healing. The formation of the smear layer after scaling and root planing (SRP) interferes with the stabilization of the fibrin network due to cytotoxic residues from microorganisms, plaque and calculi present in the structure of the smear layer. 2 The removal of calculi by hand instruments is timeconsuming and has limitations because the root anatomy and pocket depth favor the formation of a smear layer, inhibiting cell re-attachment and serving as a reservoir for microbial growth. 3 To improve root surface debridement, the root surfaces are conditioned chemically to remove the smear layer and improve their biocompatibility. Conditioning of the root surface improves clinical outcomes. Root surface conditioners include citric acid, 4 tetracycline HCI, 5 EDTA, 6 phosphoric acids 7 , hydrogen peroxide, enamel matrix proteins, 8 recombinant human growth factors, platelet-rich plasma 9 and dentin bonding conditioners. 10 Currently, there is an ever-increasing interest in the application of lasers as an adjunct to periodontal treatment. Studies on the effects of lasers on root surface conditioning have shown successful smear layer removal. Thermal and photo-disruptive effects of laser beams result in the elimination of periodontopathic bacteria, 11, 12 which might help improve the outcomes of periodontal therapy. It has been shown that different laser systems can be used to remove the smear layer, including CO 2 , Nd:YAG, diode and Er:YAG lasers. The Er:YAG laser beams can also remove calculus and a superficial layer of infected cementum with no detrimental thermal effects. The effects of this laser system on periodontally involved root surfaces have been investigated in vitro 13, 14 and in vivo. 15 The CO 2 laser beams exhibit excellent absorption in water and result in surface conditioning of the root and the internal side of the periodontal flap during surgery. 16 In an animal model, the periodontal tissues were regenerated after conditioning of the root surface and the vaporization of periodontal pocket soft tissue with CO 2 laser beams. 17 It is obvious that healing after SRP is caused by epithelial attachment. The first step in the wound healing process is the formation of a fibrin clot between the root surface and gingival connective tissue. In some studies, blood was applied after SRP on the root surface to mimic periodontal surgery, which resulted in the blood component attachment.
Cekici et al reported that the application of Er:YAG laser beams to the root dentin appears to result in the formation of a suitable surface for the formation of fibrin clots and the attachment of blood cells. 18 However, Theodoro et al compared Er:YAG and diode lasers and reported no significant differences in the adhesion of blood components in comparison to the control group. 19 Crespi et al reported that the CO 2 laser is a useful tool for the conditioning of the root surface and increasing fibroblast attachment to root surfaces. 20 In another study, they showed that CO 2 laser beams resulted in predictable clinical improvements when used as an adjunct to traditional periodontal surgery. 21 Therefore, there is no consistent information available on the effect of laser beams on root conditioning.
This study was undertaken to compare the efficacy of Er:YAG (2.94 µm) and CO 2 (10.6 µm) laser beams in removing the smear layer and forming a fibrin network on root surfaces.
Materials and Methods

Sample Preparation
Eighteen human single-rooted teeth with periodontal problems were extracted from non-smoking patients referring to the Periodontology Clinic, Faculty of Dentistry, Isfahan University of Medical Sciences. The extracted teeth had severe periodontal disease and were deemed hopeless. The teeth had no restorations and caries. After extraction, the teeth were cleaned in distilled water and stored in phosphate-buffered saline (PBS) solution at pH=7.4 until they were used for the purpose of the study. Then SRP was performed with manual instruments (Gracey curettes no. 5/6, Hu Friedy Co., Chicago, IL, USA) in all the samples until a smooth root surface was achieved. The tooth crowns were removed with a highspeed cylindrical bur under water irrigation. Then the roots were cut using a sterile disk at 2 mm apical to CEJ up to 4 mm above the apex. From each tooth, two dentin blocks, approximately 4×4×1 mm in size, were prepared. Treatment Procedure Two samples from the same mesial or distal surfaces were kept in an identified bottle containing PBS. The bottles were randomly divided into three groups for the following treatments: Group A (GA): irradiation with Er:YAG laser beams (2.94 μm,120 mJ, air and water,15 s, 20 Hz,7-8 mm perpendicularly) Group B (GB): irradiation with CO 2 laser beams (10.6 μm, 4 s, 5 cm, 3 W) Group C (GC): (control group) SRP with curettes Preparation of Root Blocks Immediately after the application of laser beams, fresh human whole peripheral blood from a healthy donor was applied to the external root surfaces of 6 blocks in all the three experimental groups. The blood was allowed to clot on the root blocks for 20 minutes in a humidified chamber at 37ºC. Subsequently, the root blocks were rinsed three times for 5 minutes in PBS in small Petri dishes using gentle swirling motions on a rotating table-top shaker at low speed. These root surface samples were used to evaluate the attachment of blood cells and the formation of fibrin networks. The 6 remaining samples in each experimental group were used to evaluate the removal of the smear layer from the root surface. The samples were then fixed in 2.5% glutaraldehyde in PBS for 30 minutes and rinsed again as described above. The samples underwent a dehydration procedure in a series of graded ethanol: 25%, 50%, 75%, 95% and three exchanges of 100%. The samples were then dried at room temperature. The blocks were mounted on aluminum stubs and stored and desiccated at room temperature for 3 days. 10 Scanning Electron Microscopy Observations Subsequently, the samples in all the groups were fixed in 2.5% glutaraldehyde in a phosphate-buffered solution (pH = 7.3) for 24 hours, followed by washing three times for 10 minutes in the phosphate buffer. Then the samples were dehydrated in a graded series of aqueous ethanol solutions (70%, 85%, 95% and 100% ethanol) for 10 minutes each, followed by drying overnight at room temperature. The samples were mounted on aluminum stubs and sputtercoated with a gold-palladium alloy under vacuum for 120 seconds. A representative photomicrograph was obtained from all the samples at ×3500 under a scanning electron microscope (SEM). The photomicrographs were used to score the adhesion of blood components (BCA) and the smear layer removal (SLR). 19 Data were analyzed with SPSS using Kruskal-Wallis and Mann-Whitney tests. The majority of the photomicrographs (5 samples) exhibited the adhesion of blood components (score 1), characterized by a scarce fibrin network and/or blood, and one sample exhibited a moderate fibrin network and a moderate quantity of blood cells (score 2) ( Figure 2 In this group, two samples exhibited no fibrin network (score 0); two samples exhibited a moderate fibrin network and a moderate quantity of blood cells (score 2); one sample exhibited a scarce fibrin network and/or blood (score 1); and one sample exhibited a dense fibrin network and trapped blood cells (score 3) ( Figure 2 .c 1 -c 2 ). Tables 1 and 2 show the frequencies of the SLR scores and the BCA scores in groups A, B and C respectively. The application of the non-parametric Kruskal-Wallis test showed significant differences between the groups in SLR (P = 0.007) and BCA scores (P = 0.009). When the groups were compared with the use of the Mann-Whitney test following the analysis of SLR scoring, groups A and B exhibited lower scores compared to group C, which was statistically significant. However, the difference between groups A and B was not significant (Table 3 ).When BCA scoring was analyzed, group A exhibited significantly higher scores compared to groups C and B; however, there was no statistically significant difference between groups B and C (Table 4 ).
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Discussion
Gingival re-attachment on tooth surfaces is considered an important concern in periodontal treatment. This randomized, controlled, double-blind clinical trial was designed to compare root surface conditioning and blood cell attachment to these surfaces after the application of 2 different laser systems. Considering the ever-increasing interest in the application of lasers in dentistry, this in vitro study was undertaken to evaluate the effects of two different lasers. Data from the present study indicated that In this study, the tooth surfaces prepared by different lasers were compared through SEM. According to several studies, it appears it is safe to apply Er:YAG laser beams Group A (treated with the Er:YAG laser: a1) There were dense fibrin networks and trapped blood cells: Score 3. a2) There were moderate fibrin networks and a moderate quantity of blood cells: Score 2. Group B (treated with the CO2 laser): b1) The smear layer was removed completely and dentinal tubules were open: Score 1. b2) There were moderate fibrin networks and a moderate quantity of blood cells: Score 2. Group C (the control group): c1) There were moderate fibrin networks and a moderate quantity of blood cells: Score 2. c2 ) There were dense fibrin networks and trapped blood cells: Score 3. to tooth hard structures, with no damage to surrounding areas. 23 Irradiation of root surfaces with Er:YAG laser beams resulted in irregular surfaces with no cracks and smear layers, leading to the conclusion that this laser is suitable for resin restorations. 24 Laser beams initially vaporize water and other hydrated organic components of the tissue, during which the internal pressure increases in the tissue until explosive destruction of inorganic substances occurs, leading to the formation of hydrokinetic forces that can quickly ablate the tooth hard structures. This ablation mechanism is referred to as the hydrokinetic system. 25 The use of Er:YAG laser beams with air/water spray resulted in no pulpal inflammation compared to conventional methods. 26 Several studies have suggested that the initial healing processes such as the absorption and adhesion of blood components along with a fibrin clot adhering to the blood clot on the root surface are crucial determinants of the repair process between the gingival flap and the root surface. 2, 27 Based on current concepts, the control of adhesion of fibrin clots to the root surface in reconstructive periodontal therapy is vital to the success of periodontal treatment. 10 Rahimi and Babazade in a review article explained the application of Er:YAG laser and compared it with Diode laser for periodontal plastic surgery. They emphasized the significant effect of Er:YAG on forming a denseer fibrin network with blood cells attached to it and its superior efficacy rather than diode laser. 28 When SLR scoring was analyzed, the Er:YAG lasertreated group exhibited smear layer removal with a course and irregular surface and open dentinal tubules, consistent with the results of a study by Cekici et al. 18 In relation to blood cell attachment and fibrin network formation, the samples in the Er:YAG laser-treated group exhibited a higher adhesion of blood components compared to the control and CO 2 laser groups (Figures 1  and 2 and Table 1 ), consistent with the results of a study by Oliveira et al. 29 There might be several explanations for this effect. A plausible explanation is that the formation of the smear layer, which consists of cytotoxic residues from microorganisms, plaque or calculi, can interfere with the www.SID.ir stabilization of the fibrin network, 2, 22 and the presence of endotoxins and bacteria might inhibit the adhesion of plasma proteins to the root surface. 29 The Er:YAG laser has exhibited high bactericidal effects even at low energy levels. The Er:YAG laser parameters used in this study may have resulted in a decrease in bacterial counts as proposed by Ando et al., who demonstrated significant in vitro decreases in Porphyromonas gingivalis colonies. 30 Such a bactericidal effect increases the attachment of the fibrin network to the root surface. Poormoradi et al also evaluated root surface conditioning by the Er,Cr:YSGG laser and concluded that the laser improved the mean root coverage and the percentage of complete root coverage with the subepithelial connective tissue graft; however, these changes were not significant. 31 The application of Er:YAG laser beams results in the removal of mineralized tissues and creates holes and bumps, resulting in irregular root surfaces and a larger exposure area of collagen fibers. The exposure of collagen fibers facilitates the adhesion and formation of primary homeostatic buffers through the adhesion of plaque to the exposed collagen fibers. 19 On the other hand, an increase in root surface roughness with the application of the Er:YAG laser might result in a possible increase in bacterial plaque retention. Further in vitro and clinical studies are necessary to evaluate the possible risk of bacterial colonization on the Er:YAG laserirradiated root surfaces in relation to the maintenance of a long-term periodontal regeneration treatment. Er:YAG laser energy is highly absorbed by water. Water is effective in cleaning the surface and decreasing thermal effects. The power settings and the use of water as a coolant during Er:YAG laser irradiation should be controlled to avoid deleterious effects on the irradiated tissues. 32, 33 In relation to the morphology of root surfaces irradiated with Er:YAG laser beams, there was a significant difference compared to the control and CO 2 groups. The laser-irradiated root surfaces in the Er:YAG laser group were more irregular and rough without the smear layer, consistent with the results of several studies on the topographical and morphological features of Er:YAG laser-treated root surfaces. 3, 13, 14, 18, 19, 29, 34 These morphological features can be attributed to the high interaction of the laser with mineralized tissues after its energy absorbed by the water present in the mineralized tissue is released through micro-explosions, a process referred to as explosive ablation. According to some researchers, Er:YAG laser-treated samples might also facilitate the adhesion of blood components through an increase in the physical retention of the fibrin clot on the root surface. In addition, the laser beams might play a role in cell retention; however, this surface roughness might not be important in the adhesion of blood components. Some studies have shown that polymorphonuclear leukocytes have a tendency to adhere to rough surfaces rather than smooth surfaces due to functional differences of these cells, 35 which might explain the results in the Er:YAG laser-treated groups with higher adhesion of blood cells, probably red and white blood cells. Atteya et al studied Laser-Assisted New Attachment Procedure by the Nd:YAG laser and explained the significance of forming the fibrin clot in closing mini-flaps and keeping the sulcus sealed against bacterial penetration as well as avoiding the development of epithelium down into the sulcus. Although we used Er:YAG with the aim of root conditioning, maintaining the fibrin clot was a common goal in both studies. 36 Although the application of laser beams did result in irregularities on the root surface, there were no carbonizations, craters, cracks or fractures, consistent with the results of similar studies. 13, 37 Various studies have shown that temperature rise with the application of Er:YAG laser beams using different laser powers does not exceed 3°C which is below the safe temperature threshold (5°C) reported by Zach and Cohen. 38 The SEM evaluation of surfaces exposed to Er:YAG laser beams showed an irregular and retentive pattern with a scaly appearance, consistent with previous results. 39, 40 In the CO 2 laser group, thermal side effects such as melting, crack formation and fissures were detected. The mechanism of the action of the CO 2 laser on the target tissue is the conversion of laser energy into heat. Various studies have demonstrated that CO 2 laser beams with different parameters result in the vaporization of water and dental organic components, creating irregularities, fissures and melting areas. In fact, cracks result from the contraction of the tissue after loss of water and the collagen matrix. Due to the presence of melted areas that might affect the adhesion of fibrin, it appears that CO 2 laser irradiation is not a good choice for surface treatment. 41 In the present study, in the CO 2 group, the smear layer was removed and dentinal tubules were relatively open, but smooth surfaces exhibited decreased fibrin attachment.
Table 1. Frequencies of SLR Scores in the Study Groups (n=6)
Scores
Archive of SID
Conclusion
Er:YAG laser beams prepare a better surface for the attachment of fibrin, and the CO 2 laser is not recommended due to its hazardous effects and lower fibrin attachment; however, further studies are necessary. Therefore, the Er:YAG laser can be considered an alternative technique for surface treatment and might be as safe as conventional techniques. Furthermore, the CO 2 laser has some thermal side effects, making it inappropriate to this end. Further studies are necessary to evaluate the characteristics of laser-irradiated surfaces to determine appropriate parameters for the attachment of fibrin.
